• The amount of caries in deciduous teeth is in direct proportion to the observed antioxidant capacity of saliva.
INTRODUCTION
Dental caries at an early age is still an important problem, with a worldwide incidence ranging from 3-45%, which in communities that are socioeconomically underprivileged can rise to 70-90%. 1 Among the factors that have been related to greater cariogenic activity are inadequate dental hygiene and care, the existence of active caries or a family history of caries, a high concentration in the mouth of bacteria with acido philic activity (Streptococcus mutans or Lactobacillus), reduced salivary fl ow, a cariogenic diet or inadequate levels of fluoride in drinking water. 2 Vari ous authors 3 have shown that fl uoride devices release low levels of fl uoride for at least two years and have great poten tial for use in preventing dental caries in high caries risk groups. Antioxidants constitute an impor tant part of our diet and these, together with intracellular antioxidants and those of the enzymatic systems, can prevent various infl ammatory, infec tious or tumoural processes. 4 Of all these mechanisms, particularly important are antioxidant systems of low molecular weight, because these seem to represent the last line of defence against signifi cant cellular lesions. Various authors 4, 5 have examined the relationship between the composition of the saliva and cario genic activity, the onset and progression of cancer of the tongue or the control of inflammatory processes of the mouth. 6 A rise in the levels of free radicals has been found to be the common factor in all these processes.
Certain inflammatory processes in the mouth, such as periodontal disease, have been related to an increase in oxidative damage in the mouth and to a decrease in antioxidants. 7 Moreover, an increase in the antioxidant activity of the saliva has been related to an increase in the suspension of proteins and of cario genic activity. 5 However, some authors 5 found that the differences in total anti oxidant capacity (TAC) between car ies-active and caries-free subjects were not signifi cant.
Nevertheless, other factors have also been shown to infl uence its development to a greater or lesser degree. 2 The real importance of the antioxidant capacity of saliva, as well as the effect of anti oxidants in the diet, with respect to the development of caries, remains to be established. 4 In this sense, it may be of interest to identify the antioxidant state of the saliva and the caries observed in certain ethnic groups with specifi c, homogeneous patterns of nutrition and hygiene.
We think that the high and continu ous levels of antioxidants in saliva contribute to the development of dental caries. The present study aims to evalu ate the relationship between the total antioxidant capacity of saliva and the presence of dental caries in deciduous and permanent teeth within a group of Saharan children.
MATERIAL AND METHODS

Patients
This study is based on 126 patients from the Western Sahara, resident in a refu gee camp at Tindouf (Algeria), of whom 53.8% were girls (8.5-14.5 years; mean 10.7 ± 0.19 [SD]) and 46.2% boys (4.5 14-5 years; mean 10.7 ± 0.28 [SD] ). This population group provides optimum conditions for the study, given the homogeneity of their social, sani tary, economic and dietary conditions and hygiene customs. In every case, informed consent was requested and obtained from the parent or guardian of the child for their participation in the study. The study was also approved by the local Ethical Committee.
Clinical examination
This was carried out at the Odontology School of the University of Granada. All the exams were carried out by a special ist doctor in dentistry. The children were examined while staying in Granada on the programme 'vacations in peace' organised by the ONG 'Friends from the Sahara' during the summer of 2005. Clinical exams were carried out, includ ing DMFT (decayed, missing, fi lled teeth) and the Dean index, which classifi es alterations in enamel as very light, light, moderate and severe, in accordance with the classification standards of the World Health Organization. 8 
Evaluation of total antioxidant capacity (TAC)
Saliva samples were obtained by aspi ration during saliva secretion. 2 ml of saliva was obtained and centrifuged at 4,000 g for 10 minutes. The superna tant was frozen at -40°C for later use. The TAC of the saliva was determined by colorimetry, in accordance with the technique described by Lussignoli et al. 9 The antioxidant power of the sam ple was characterised as the dose of the substance (or the volume of saliva) which caused a 50% inhibition of crocin bleaching (IC50). With the test sample we found it useful to express the TAC as the reciprocal of IC50 (TAC = 1/IC50) because in this way the TAC value is directly proportional (and not inversely proportional as in the case when IC50 is used) to the actual antioxidant power of the test sample. All the biological rea gents required were supplied by Sigma Chemical Co. (St Louis, MO, USA).
Statistical study
The results are expressed as the mean ± standard deviation. We use the value of the median of the variable 'caries number' to define the strata of analysis of this variable (0, 1-2, 3-4, and 5 and over caries-active) and the value of the mean + SD. As court point for the TAC of the saliva was considered the value of the mean + SD. The statistical analysis consisted of comparing the means for independent variables, and performing an ANOVA, Pearson correlation analysis and a linear regression study. SPSS 13.0 statistical software was used.
RESULTS
Thirty-eight percent of the girls had car ies in their deciduous teeth, compared with 19% of the boys. 78.6% of the chil dren presented with caries in decidu ous teeth and 77.8% in the permanent teeth. The mean (SD) of decayed, miss ing, filled teeth (DMFT) in deciduous teeth was 0.93 (1.60). The mean (SD) of decayed, missing, filled teeth (DMFT) in permanent teeth was 2.74 (2.83).
The TAC of saliva of the studied group of children was of 8.6 ± 6.9 1/IC50. In children with no caries in their decidu ous teeth the TAC of the saliva was 7.8 ± 4.0 1/IC50, while in the caries-active children the TAC was 10.6 ± 11.1 1/IC50 (t = 1.84; p = 0.06). In children with no caries in their permanent teeth the TAC of the saliva was 7.8 ± 5.0 1/IC50 and in the children with caries in the per manent teeth the salivary TAC was 9.0 ± 8.0 1/IC50. Significant differences do not exist between the groups (t = 0.82; p = 0.41). We did not observe statistical differences between the fl uorosis levels in the deciduous and permanent teeth and neither did we observe signifi cant association between fl uorosis levels and the antioxidants in saliva. 
Fig. 1 Regression analysis of the number of caries in primary teeth (A) and in permanent teeth (B) with the total antioxidant capacity of saliva. There is a statistically significant association between the antioxidant capacity of the saliva and the amount of caries in primary teeth
In children with no caries the TAC of the amount of caries in deciduous teeth the antioxidant level in saliva is lower saliva was 7.3 ± 4.3 1/IC50, in children is in direct proportion to the observed for permanent teeth than for primary with caries activity of 1-2 the TAC in saliva was 7.2 ± 4.2 1/IC50, children with caries activity of 3-4 the TAC was 8.7 ± 4.7 1/IC50 and in children with caries activity of 5+ the TAC was 11.5 ± 12.4 1/IC50. In patients with levels of TAC in saliva above the mean ± SD, the risk of presenting with caries in deciduous teeth is OR: 6.25 (95% CI: 1.47-26.46) and in the permanent teeth is OR: 2.0 (95% CI: 0.49-8.15). Figure 1 shows the regression analysis of salivary TAC and caries. The salivary TAC of patients with caries in their primary teeth was 2.89 1/IC50 greater than among those with out caries. We observed a statistically significant linear regression (Fig. 1 ) between the number of deciduous teeth with caries and the salivary TAC: y = 0.24 + 0.53 × TAC saliva (t = 2.93; p = 0.004) (95% CI of b: 0.018-0.088). In our sample the levels of TAC in saliva did not alter with the age of the children (t = 0.83; p = NS).
With respect to the permanent teeth, we observed caries in 62% of the girls and in 58.5% of the boys. There was no statistical association between caries and the children's sex (OR: 1.16; 95% CI: 0.50-2.69). We did not observe a sig nificant linear association between the number of permanent teeth affected by caries and the TAC of saliva in these children (y = 1.76 + 0.039 × TAC saliva; p = NS). Children with caries activity of greater than 5 had a salivary TAC of 11.48 ± 12.4 versus corresponding val ues of 7.79 ± 4.41 among the subjects with caries activity of less than 5 (t = 2.1; p = 0.03). A statistically signifi cant linear association exists between caries in permanent teeth and the caries in pri mary teeth (y = 1.87 + 0.32 × TAC saliva; t = 6.89; p <0.001).
DISCUSSION
In previous studies, it has been shown that many bacterial species can modify their adherent activity on epithelial or inert surfaces when the concentration of antioxidants in the medium is altered. 10 Thus, the development of dental car ies will depend on the adherence and growth of cariogenic microorganisms in the dental plaque. Our results show that TAC of saliva and that the presence of caries in deciduous teeth is associated with caries in permanent teeth.
Saliva is a fluid that contains not just the secretion from salivary glands, but also gingival exudate, epithelial cells, food remains, microorganisms and, sometimes, nasal exudates. 11 Various authors 5 have reported higher concen trations of proteins in the saliva of chil dren with greater cariogenic activity; among these children, the concentration of calcium in the saliva is lower than that observed in children with no car ies. The concentration of calcium in the saliva increases with age, which would explain the reduction in cariogenic activity in adults, in relation to that observed among children. 5 These authors do not observe significant statistical dif ferences in the levels of antioxidants in saliva among children with caries and without. We think that these results are influenced by the small number of cases included in each one of the strata of their study (n = 10). In addition, it is not stated whether the children were distributed in each of the strata in a random way. The possibility that a selection bias exists in the sample is therefore high. Although no statistically signifi cant difference was, the tendency of the mean values in that study is toward an increase in anti oxidants in the saliva of those subjects with caries.
In our sample fluorosis was not asso ciated with the levels of antioxidants in saliva and fluorosis was similar between deciduous and permanent teeth. Some authors 12 have observed an asso ciation between prevalence of mutans streptococci in the plaque and caries prevalence. Many dietary factors and some substances of well-known antioxi dant effect can influence the adherence of mutans streptococci. 13 Our findings reveal that the TAC of saliva is greater in patients with caries in deciduous teeth. Taking into account the total caries on deciduous or perma nent teeth, we observed that the salivary TAC was significantly higher in patients with caries activity of 5 or more. Due to the age range studied, the exposure time of the teeth to cariogenic agents and to teeth. We believe this could explain the absence of a statistically signifi cant relationship between the level of anti oxidants in saliva and the amount of caries in permanent teeth.
As has been found in previous stud ies, the adherent activity of some bacte ria may be modified by the antioxidant activity of their environment. 14, 15 In this sense, an increase in the TAC of saliva could produce modifications in the adherence of Streptococcus to the den tal plaque and lead to greater cariogenic activity. Several authors 16 have reported greater activity in prooxidant molecules such as nitric oxide (NO) in the saliva of subjects with dental caries. Raised levels of NO in subjects with caries and poor oral hygiene would be a defence mecha nism against increased bacterial activity in the mouth. In this respect, higher lev els of local antioxidant activity, as has been observed in some of our patients, could counteract the bactericidal effect of the prooxidant molecules present in saliva and on the dental plaque, thus favouring the development of caries. Substances such as polyphenols that are present in various foodstuffs have been shown to have anticariogenic activity, by inhibiting the adherence of Strep tococcus mutans to the dental plaque. 17 This effect seems to depend more upon the inhibitory activity of polyphenols on Streptococcus glucosyltransferase and on the synthesis of glucans than on their antioxidant activity.
From our results, it can be concluded that the TAC of saliva is greater among children that have caries, and that, for the age interval examined and eth nic group in question, the antioxidant capacity of saliva tends to favour the development of dental caries, this effect being more notable on primary teeth.
